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TITLE OF THE INVENTION 

RADIATION IMAGING APPARATUS AND RADIATION IMAGING SYSTEM 

USING THE SAME 



BACKGROUND OF THE INVENTION 



Field of the Invention 

[0001] The present invention relates to radiation imaging 
apparatuses and radiation imaging systems using X-rays, a- 
rays, (3-rays, Y~ ra Y s ' and the like. 
Description of the Related Art 

[0002] In various medical fields, digitization of 
information has recently been advanced. For example, in the 
field of X-ray diagnosis using radiation, a two-dimensional 
radiation imaging apparatus has been developed for 
digitizing image information. A radiation imaging apparatus 
of a forty- three -cm square at most has been developed for 
use in mammography and chest radiography. 

[0003] Such an imaging apparatus comprises a plurality of 
imaging elements which are arranged in a tile -like form to 
provide large-area radiation imaging. The imaging elements 
include CCD imaging elements, MOS imaging elements, CMOS 
imaging elements, and the like. 

[0004] Radiation imaging for medical diagnosis is 
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frequently performed by, for example, a film screen system 
comprising a combination of an intensifying screen and a 
radiographic film. In this system. X-rays transmitted 
through an object contain information regarding the inside 
of that object, and the X-rays are converted into visible 
light proportional to the strength of the X-rays by the 
intensifying screen to expose the X-ray film to the visible 
light . 

[0005] Also, an X-ray digital imaging apparatus has 
recently come into use, in which X-rays are converted into 
visible light proportional to the strength of the X-rays by 
a fluorescent material, converted into electrical signals by 
a photoelectric transducer (photodiode) . and then converted 
into digital signals by an analog-to-digital (A/D) converter. 
[0006] U.S. Patent No. 4,810,881 discloses such an 
imaging apparatus comprising a plurality of imaging elements. 
[0007] Fig. 13 shows the example disclosed in U.S. Patent 
No. 4.810,881 in which a plurality of modules each 
comprising a glass substrate and a member of a fluorescent 
material or the like formed on the glass substrate are 
connected. Fig. 13 is a sectional view taken along the 
arrangement direction of the modules. 

[0008] In Fig. 13, reference numeral 3 denotes a reading 
means; reference numeral 4, a module; reference numeral 5. a 
glass substrate; reference numeral 6. an X-ray shield; 



reference numeral 8, a connection line for connecting a line 
connection portion 30 and the reading means 3; reference 
numeral 30, the line connection portion; reference numeral 
80, a transparent conductive layer; reference numeral 90, a 
photo-detection layer; and reference numeral 107, a 
scintillator. A combination of a plurality of these modules 
provides a large-area X-ray imaging apparatus. 
[0009] In the conventional technique shown in Fig. 13, 
the scintillator is uniformly formed on each of the modules. 
However, when the scintillators are formed after the glass 
substrates (imaging elements) are combined, the 
scintillators cannot be uniformly formed in the spaces 
between the adjacent imaging elements because spaces for 
passing the connecting lines are present between the 
respective glass substrates. Therefore, nonunif ormity 
occurs in the scintillators near the spaces, and a uniform 
light quantity distribution cannot be obtained. In this 
specification, "nonunif ormity in the scintillators" 
represents discontinuity of crystallinity or thickness of 
the scintillators . 

[0010] When a planarizing layer is formed on a plurality 
of spaced apart imaging elements in order to uniformly form 
the scintillators, the planarizing layer cannot be easily 
formed because an adhesive or an organic resin rises in an 
external terminal disposed on each of the spaced apart 



imaging elements. Particularly, it is difficult to form the 
planarizing layer by bonding an adhesive sheet as an 
adhesive . 



SUMMARY OF THE INVENTION 



[0011] Accordingly, an object of the present invention is 
to provide a radiation imaging apparatus permitting a 
planarizing layer to be formed by coating or bonding an 
adhesive, an organic resin, an adhesive sheet, or the like 
on a plurality of spaced apart imaging elements, and a 
radiation imaging system using the radiation imaging 
apparatus . 

[0012] In order to achieve the object, in an aspect of 
the present invention, a radiation imaging apparatus 
comprises a plurality of spaced apart imaging elements each 
comprising a plurality of pixels and an external terminal 
for external connection, wherein a lead constituting the 
external terminal is extended to the side portion opposite 
to a light receiving surface of each of the spaced part 
imaging elements through a space between the adjacent 
imaging elements, the external terminal is formed at the 
same height as the light receiving surface or on the side 
portion opposite to the incidence side based on the height 
of the light receiving surface, and a wavelength converter 
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is formed on the plurality of spaced apart imaging elements 
and the external terminals through a planarizing layer. 
[0013] In another aspect of the present invention, a 
radiation imaging apparatus comprises a plurality of spaced 
apart imaging elements each comprising a plurality of pixels 
and an external terminal for external connection, wherein a 
lead constituting the external terminal is extended to the 
side opposite to a light receiving surface of each of the 
spaced apart imaging elements through a space between the 
adjacent imaging elements, a first planarizing layer is 
formed on the light receiving surface to be positioned at 
the same height as the external terminal or on the incidence 
side based on the height of the light receiving surface, and 
a wavelength converter is formed on the plurality of spaced 
apart imaging elements through a second planarizing layer 
formed on the external terminals and the first planarizing 
layers . 

[0014] Further objects, features and advantages of the 
present invention will become apparent from the following 
description of the preferred embodiments with reference to 
the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0015] Fig. 1 is a plan view showing the construction of 
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a radiation imaging apparatus according to a first 
embodiment of the present invention; 

[0016] Fig. 2 is a plan view showing an eight -inch wafer 
for cutting out an imaging element of the radiation imaging 
apparatus shown in Fig- 1; 

[0017] Fig. 3 is a schematic sectional view of the 
radiation imaging apparatus shown in Fig. 1 taken along line 
III-III in Fig. 1; 

[0018] Fig. 4 is an enlarged plan view showing region B 
of the radiation imaging apparatus shown in Fig. 1; 
[0019] Fig. 5 is an enlarged schematic sectional view 
showing region C of the radiation imaging apparatus shown in 
Fig. 3; 

[0020] Fig. 6 is a drawing showing an example of the 
configuration of a one pixel circuit mounted on an imaging 
element of the present invention; 

[0021] Fig. 7 is a drawing showing an example of 
equivalent circuits mounted on a radiation imaging apparatus 
of the present invention using one pixel circuit shown in 
Fig. 6; 

[0022] Fig. 8 is a drawing showing the construction of a 
radiation imaging apparatus of the present invention in 
which a unit block (unit for selecting and driving one line) 
of a vertical shift register is arranged in a pixel region 
(cell) together with a pixel circuit; 



[0023] Fig- 9 is a schematic sectional view showing the 
construction of a radiation imaging apparatus according to a 
second embodiment of the present invention; 
[0024] Fig. 10 is an enlarged schematic sectional view 
showing region D of the radiation imaging apparatus shown in 
Fig. 9; 

[0025] Fig. 11 is a schematic sectional view showing the 

construction of a radiation imaging apparatus according to a 

third embodiment of the present invention; 

[0026] Fig. 12 is a drawing showing an example of 

application of a radiation imaging apparatus of the present 

invention to a radiodiagnosis system; and 

[0027] Fig. 13 is a drawing showing a conventional 

technique . 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0028] Embodiments of the present invention will be 
described below with reference to the attached drawings. 
First Embodiment 

[0029] Fig. 1 is a plan view showing the construction of 
a radiation imaging apparatus according to a first 
embodiment of the present invention. 

[0030] In Fig. 1, reference numeral 101 denotes an 
imaging element (shown by a thick frame); reference numeral 



T 



- 8 - 

202, a horizontal shift register serving as a scanning 
circuit for reading out signals; and reference numeral 203, 
a vertical shift register serving as another scanning 
circuit for reading out signals. 

[0031] In the radiation imaging apparatus of this 
embodiment, nine 138-mm square spaced apart imaging elements 
101 are arranged in a tile-like form to form a 414 -mm square 
imaging area. 

[0032] Each of the spaced apart imaging elements 101 
comprises the vertical shift register 203, the horizontal 
shift register 202, and a silicon substrate, or the like 
(not shown in the drawing), on a surface of which a 
plurality of pixels are arranged in a two-dimensional manner. 
Furthermore, an interlayer insulating layer comprising a 
silicon oxide film or the like, metal wiring made of 
aluminum or the like, and a protecting layer comprising a 
nitride film and/ or polyimide or the like are formed on the 
pixels. Each of the pixels (not shown in the drawing) 
comprises a photodiode, a MOS transistor, and the like. 
[0033] Fig. 2 is a plan view showing an eight -inch wafer 
for cutting out each of the spaced apart imaging elements 
101 of the radiation imaging apparatus shown in Fig. 1. 
[0034] In Fig. 2, reference numeral 102 denotes an 
electrode pad constituting an external terminal formed at an 
end of the imaging element 101, and reference numeral 200 
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denotes an eight -inch wafer. 

[0035] The 138 -mm square CMOS- type imaging element 101 is 
cut out of the wafer. 

[0036] The present invention is not limited to the CMOS- 
type imaging element, and CCD imaging elements and MOS 
imaging elements may be used as the spaced apart imaging 
elements. Of course, the size of the spaced apart imaging 
elements may vary depending on a variety of factors, and is 
thus not limited to this embodiment. As shown in Figs. 1 
and 2, the horizontal shift register 202 and the vertical 
shift register 203 are formed within the area of each of the 
spaced apart imaging elements 101. It is to be appreciated 
that even if a plurality of the spaced apart imaging 
elements 101 are arranged as shown in Fig. 1, no dead space 
occurs in the peripheries of the spaced apart imaging 
elements 101. Therefore, by arranging the spaced apart 
imaging elements 101 in a tile-like form, a radiation 
imaging apparatus having a continuous imaging area can be 
constructed. 

[0037] Fig. 3 is a schematic sectional view of the 
radiation imaging apparatus shown in Fig. 1 taken along line 
III-III in Fig. 1. 

[0038] In Fig. 3, reference numeral 104 denotes flexible 
substrates serving as leads extended through spaces between 
the adjacent imaging elements 101, for electrically 
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connecting the electrode pad 102 and an external processing 
substrate 110; reference numeral 106, a light transmitting 
substrate for covering the spaced apart imaging elements 
101; and reference numeral 107, a scintillator serving as a 
wavelength converter for converting incident radiation into 
light. The type of scintillator 107 is preferably selected 
so that the light emission wavelength is suitable for the 
sensitivity of the spaced apart imaging elements 101. 
Reference numeral 108 denotes an Al film serving as a light 
reflection plate (and as a protecting film); reference 
numeral 109, a base on which a plurality of the spaced apart 
imaging elements 101 are arranged; reference numeral 110, 
the external processing substrate having a circuit for 
supplying a power supply, a clock, and the like to the 
spaced apart imaging elements 101, and for taking out and 
processing signals from the spaced apart imaging elements 
101; and reference numeral 111, X-rays incident as radiation. 
[0039] In the radiation imaging apparatus of this 
embodiment, when the X-rays 111 are incident, the X-rays 111 
are converted into light by the scintillator 107, and the 
light is absorbed by the photodiodes of the pixels arranged 
in a two-dimensional form to be converted into electrical 
signals. The electrical signals are processed by the 
external processing substrate 110 through the flexible 
substrates 104. Fig. 4 is an enlarged plan view of region B 
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of the radiation imaging apparatus shown in Fig. 1. 
[0040] In Fig. 4, reference numeral 103 denotes a bump 
formed on the electrode pad 102; and reference numeral 112. 
a pixel including an element for converting light into an 
electrical charge. The flexible substrates 104 are 
respectively connected to the bumps 103. Reference numeral 
120 denotes an external terminal comprising the electrode 
pad 102, the bump 103, and the flexible substrate 104. 
[0041] As shown in Fig. 4, in each of the spaced apart 
imaging elements 101, 160-nm square pixels 112 are formed ii 
a two-dimensional form over the entire surface of the 
imaging element 101, the adjacent imaging elements 101 
arranged with spaces of about 50 \aa. The spaces of about 5< 
Hin are sufficiently smaller than the pixel pitch of 160 Mm. 
Each of the flexible substrates 104 is extended to the side 
opposite to a light receiving surface through the space 
between the adjacent imaging elements 101. The flexible 
substrates 104 are formed in a thickness of as small as 
about 30 Mm. Therefore, the spaces between the respective 
spaced apart imaging elements 101, after the spaced apart 
imaging elements 101 are bonded, can be set to about 50 \ua. 
and no dead space is present in the peripheries of the 
spaced apart imaging elements 101 to form a state in which 
no defect occurs in a read image, i.e., a state with 
substantially no space. In this specification, the light 
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receiving surface represents the interface between the 
region of each of the spaced apart imaging elements 101 
where the external terminal 120 is not formed, and a layer 
formed on that region. 

[0042] Fig. 5 is an enlarged schematic sectional view 
showing region C of the radiation imaging apparatus shown in 
Fig. 3. 

[0043] In Fig. 5, reference numeral 105 denotes an 
adhesive material serving as a planarizing layer covering 
the plurality of spaced apart imaging elements 101. 
[0044] This embodiment is characterized in that the 
external terminal 120 of each of the plurality of spaced 
apart imaging elements 101 is formed on the side portion 
opposite to the incidence side of the light receiving 
surface (pixel forming area) of each of the plurality of 
spaced apart imaging elements 101. 

[0045] In this specification, the incidence side is a 
higher side of the light receiving surface based on the 
height of the light receiving surface of each of the 
plurality of spaced apart imaging elements 101. 
[0046] In this embodiment, in order to form each of the 
external terminals 120 on the side portion opposite to the 
incidence side of the light receiving surface, step S is 
formed between the light receiving surface and the region in 
which each external terminal 120 is formed. 
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[0047] A description will now be made of an example of 
the method of producing each of the external terminals 120 
in a region lower than the light receiving surface by the 
step S on the side portion opposite to the incidence side. 
First, in pre-processing for forming the spaced apart 
imaging elements 101, the region where each of the external 
terminals 120 is to be formed is etched out to make the 
region lower than the surrounding light receiving surface by 
the step S before the metal wiring and the protecting layer 
are formed. Then, the metal wiring made of aluminum or the 
like is disposed, and the electrode pad 102 constituting 
each of the external terminals 120 is formed in the pixel 
region at an end of each of the plurality of spaced apart 
imaging elements 101 by using a part of the metal wiring. 
[0048] Next, the protecting layer comprising a nitride 
film, polyimide, or the like is formed. Then, the 
protecting layer formed on the electrode pad 102 is removed 
by etching, and the pump 103 and the flexible substrate 104 
are connected the electrode pad 102 to form each of the 
external terminals 120. Each of the flexible substrates 104 
is then bent along the edge of the spaced apart imaging 
element 101 and connected to the bump 103. The nine spaced 
apart imaging elements 101 on each of which the external 
terminal 120 is formed as described above are arranged so 
that the light receiving surfaces are at the same height , 
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and bonded in a tile-like form on the base 109. Then, the 
flexible substrates 104 are electrically connected to the 
external processing substrate 110 arranged at the position 
shown in Fig. 3. 

[0049] As described above, the region in which each of 
the external terminals 120 is formed is lower than the light 
receiving surface by the step S on the side portion opposite 
to the incidence side. 

[0050] The step S may be higher than or the same as each 
of the external terminals 120. 

[0051] In this embodiment, the height of the step S is 45 
Urn from the light receiving surface, and the height of the 
external terminals 120 is about 40 \xm. Therefore, each of 
the external terminals 120 is formed on the side opposite to 
the incidence side of the light receiving surface. In this 
construction, each of the external terminals 120 is 
preferably formed on the side portion opposite to the 
incidence side of the light receiving surface because the 
external terminals 120 are not put into contact with the 
light transmitting member 106 or the scintillator 107 
laminated on the flexible substrates 104. 

[0052] A description will now be made of an example of 
the method of forming the scintillator 107 on a plurality of 
the spaced apart imaging elements 101 formed by the above- 
described method. 
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[0053] First, the adhesive material 105 is coated on a 
plurality of the spaced apart imaging elements 101, which 
are bonded together, so as to fill in the spaces between the 
adjacent imaging elements 101. 

[0054] Then, a lead-containing radiation shielding plate 
is formed as the light transmitting member 106. 
[0055] In this embodiment, a lead-containing X-ray 
shielding glass plate having a thickness of 50 \un is used. 
As the light transmitting member, any planarized member may 
be used. For example, a polyimide film having no radiation 
shielding ability, but easier to handle than the glass plate 
and having transparency may be used. Alternatively, a fiber 
optical plate (FOP) may be used. The fiber optical plate 
can guide light to the plurality of pixels without 
dispersing light, and is thus suitable for improving the 
efficiency of convergence. 

[0056] As described above, in this embodiment, the 
adhesive 105 is planarized by using the light transmitting 
substrate 106 to form a planarizing layer. However, a 
polyimide resin or the like may be coated and cured to form 
the planarizing layer. Alternatively, a planarized adhesive 
sheet having a predetermined thickness may be bonded as the 
planarizing layer. By bonding such an adhesive sheet, the 
production process can be simplified by deceasing the number 
of steps, thereby increasing ease of manufacture, improving 
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yield, and providing a lower cost process. 
[0057] The scintillator 107 may be formed on the light 
transmitting substrate 106 by a vaporization process, or the 
scintillator 107 previously uniformly formed in another step 
may be bonded to the light transmitting substrate 106. In 
previously forming the scintillator 107 in another step, the 
scintillator 107 may be bonded to the light transmitting 
substrate 106, the reflection plate 108 or a light non- 
transmitting substrate (not shown in the drawing). 
[0058] In a construction without the light transmitting 
substrate 106, the scintillator 107 previously uniformly 
formed in another step may be bonded. 

[0059] If the planarized adhesive sheet is used, the 
scintillator 107 may be formed directly on the adhesive 
sheet by the evaporation process without the light 
transmitting substrate 106 formed therebetween. 
[0060] As the adhesive 105, a photo-curing resin, heat- 
curing resin, a thermoplastic resin, and the like can be 
used. 

[0061] As can be seen from the above description, the 
present invention can provide a radiation imaging apparatus 
in which each of the external terminals 120 is formed at the 
same height as the light receiving surface or on the side 
portion opposite to the incidence side, and thus the 
planarizing layer necessary for forming the scintillator can 
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easily be uniformly formed by coating or bonding an adhesive 
or an organic resin. 

[0062] Therefore, no disorder occurs in a path in which 
light is transmitted through the scintillator to make 
uniform light emission. Consequently, variations in light 
quantity distribution are decreased and resolution is 
improved . 

[0063] Furthermore, by using the adhesive sheet, the 
production process can be simplified by decreasing the 
number of steps, thereby increasing ease of manufacture and 
improving yield. Therefore, the radiation imaging apparatus 
according to the present invention can be formed by a lower 
cost process. 

[0064] When the distance L between the lower surface of 
the scintillator 107 and the light receiving surfaces is 
large, light from the scintillator 107 diffuses between the 
scintillator 107 and the light receiving surfaces to 
possibly blur an image, thereby deteriorating resolution. 
However, in this embodiment, each of the external terminals 
120 is formed in the region lower than the light receiving 
surface by the step S on the side portion opposite to the 
incidence side, and thus the distance L is determined by the 
thickness of the adhesive 105 as the planarizing layer and 
the light transmitting substrate 106 regardless of the 
external terminals 120. The same degree of resolution may 
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be achieved as when the external terminals 120 are not 
provided between the plurality of spaced apart imaging 
elements 101. When the light transmitting substrate 106 is 
not provided, the distance L can be further decreased to 
form a structure causing less diffusion of light. 
[0065] When the scintillator 107 is formed by depositing 
cesium iodide (Csl) via the evaporation process, or a powder 
scintillator made of Gd 2 0 2 or the like containing europium or 
terbium as an activator is dispersed as a transparent resin, 
and coated to form the scintillator 107, the same effect as 
described above can be obtained. 

[0066] When the scintillator 107 is formed on, for 
example, the reflection plate 108 by the evaporation process 
without using the light transmitting substrate 106, the 
scintillator 107 is bonded to the adhesive 105 coated on the 
plurality of spaced apart imaging elements 101 and the 
external terminals 102 to absorb all steps and deviations 
produced in coating the adhesive 105. Therefore, the 
radiation imaging apparatus having the planarized interface 
between the adhesive 105 and the scintillator 107 can be 
provided . 

[0067] In order to easily form the light receiving 
surface and the light transmitting substrate 106 or the 
scintillator 107 in parallel, a method is preferred in which 
glass beads having a predetermined diameter are added to the 
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adhesive 105, for controlling the thickness of the adhesive 
105. Alternatively, before the adhesive is coated, a spacer 
may be previously provided on the light receiving surface, 
for regulating the distance between the light receiving 
surface and the lower surface of the scintillator 107. 
[0068] A description will now be made of the construction 
of a pixel which can be used in the radiation imaging 
apparatus of the present invention. 

[0069] Fig. 6 is a drawing showing an example of the 
configuration of a one pixel circuit mounted on the imaging 
element of the present invention. 

[0070] In this example, the one pixel circuit has a CMOS 
structure. In Fig. 6, reference numeral 601 denotes a 
photodiode for photoelectric conversion; reference numeral 
602, a floating diffusion for storing charge; reference 
numeral 603, a transfer MOS transistor (transfer switch) for 
transferring charge produced in the photodiode to the 
floating diffusion 602; reference numeral 604. a reset MOS 
transistor (reset switch) for discharging the charge stored 
in the floating diffusion 602; reference numeral 605, a line 
selection MOS transistor (line selection switch) for 
selecting a line; and reference numeral 606, an 
amplification MOS transistor (pixel amplifier) functioning 
as a source follower. 

[0071] Fig. 7 is a drawing showing an example of 
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equivalent one pixel circuits mounted on the radiation 
imaging apparatus of the present invention using the one 
pixel circuit shown in Fig. 6. 

[0072] Although, in this embodiment, the equivalent 
circuits comprise 3x3 pixels to form an imaging element, 
the number of the pixels may vary depending on a variety of 
factors, and is not limited to this embodiment. Gates of 
the transfer MOS transistors 603 are connected to (J>TX 707 
extended from the vertical shift register 203. gates of the 
reset MOS transistors 604 are connected to (j>RES 708 extended 
from the vertical shift register 203, and gates of the line 
selection MOS transistors are connected to <|>SEL 709 extended 
from the vertical shift register 203. In Fig. 7, the 
floating diffusions 602 are omitted. 

[0073] Photoelectric conversion is performed by the 
photodiodes 601. During the time of storage of 
photoelectric charge, the transfer MOS transistors 603 are 
turned off so that charge subjected to photoelectric 
conversion by the photodiodes 601 is not transferred to the 
gates of the amplification MOS transistors 606 constituting 
the pixel amplifiers. Before storage, the reset MOS 
transistors 604 are turned on to initialize the gates of the 
amplification MOS transistors 606 constituting the pixel 
amplifiers to an appropriate voltage. This is a dark level. 
[0074] Next, the line selection MOS transistors 605 are 
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turned on to bring the amplification MOS transistors 606 
each comprising a load current source 710 and a pixel 
amplifier 715 in an operating state. Then, the transfer MOS 
transistors 603 are turned on to transfer the charge stored 
in the photodiodes 601 to the gates of the amplification MOS 
transistors 606 constituting the pixel amplifiers. 
[0075] When the output of the selected line is produced 
on a vertical output line (signal output line) 711. a column 
selection switch (multiplexer) 713 is driven by the 
horizontal shift register 202 to read the output, 
transferring the read output to the output amplifier 715. 
[0076] Fig. 8 is a drawing showing the configuration of 
the radiation imaging apparatus of the present invention in 
which a unit block (a unit for selecting and driving one 
line) 801 of the vertical shift register 203 is arranged in 
each pixel region (each cell) 803 together with a one pixel 
circuit 802. The one pixel circuit 802 is the same as shown 
in Fig. 6. The circuit constituting the vertical shift 
resistor 203 is a simple circuit comprising a static shift 
register 804 and a transfer gate 805, for transmitting a 
transfer signal, a reset signal and a line selection signal 
to (|)TX 707, <t>RES 708 and <|>SEL 709. respectively. The static 
shift register 804 and the transfer gate 805 are driven by a 
signal from a clock signal line (not shown in the drawing). 
The circuit configuration of the shift register is not 
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limited to this, and any desired circuit configuration may 
be used according to the driving methods for pixel addition, 
decimation reading, and the like. 

[0077] As shown in Fig. 1, the vertical shift register 
203 and the horizontal shift register 202 are arranged in 
the pixel forming area of each of the plurality of spaced 
apart imaging elements. Therefore, the unit block 801 of 
the shift register for processing one line is arranged to be 
received in a pixel pitch. Namely, these blocks are 
arranged in a line to form the vertical shift register and 

the horizontal shift register. The blocks are arranged in a 

line in each of the vertical direction and the horizontal 

direction. 

Second Embodiment 

[0078] A second embodiment of the present invention will 
be described below. 

[0079] Fig. 9 is a schematic sectional view showing the 
construction of a radiation imaging apparatus according to 
the second embodiment of the present invention. 
[0080] In Fig. 9, reference numeral 1061 denotes a first 
planarizing layer formed on the light receiving regions of 
the light receiving surfaces of spaced apart imaging 
elements 101; reference numeral 1062, a second planarizing 
layer formed on the spaced apart imaging elements 101 
through the first planarizing layer 1061 and the external 
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terminals 120; and reference numeral 106, a fiber optical 
plate serving as a light transmitting optical substrate. 
[0081] The portions denoted by the same reference 
numerals as the first embodiment are not described below. 
[0082] Fig. 10 is an enlarged schematic sectional view of 
region D of the radiation imaging apparatus shown in Fig. 9. 
[0083] The second embodiment is different from the first 
embodiment in that step S is formed by forming the first 
planarizing layer 1061 on the light receiving regions. The 
light receiving regions represent the regions of the light 
receiving surfaces of the plurality of spaced apart imaging 
elements, in which the external terminals 120 are not formed. 
[0084] In the second embodiment, the fiber optical plate 
(FOP) of a 1 x magnification optical system is disposed as 
the light transmitting substrate 106 between the 
scintillator 107 and the plurality of spaced apart imaging 
elements 101 through the first planarizing layer 1061 and 
the second planarizing layer 1062, to improve the efficiency 
of convergence. Alternatively, a lead-containing radiation 
shield plate may be used as the light transmitting substrate 
106 in place of the fiber optical plate, or a light 
transmitting polyimide thin film having no ability to shield 
radiation, but which is easier to handle than the glass 
plate may be used. 

[0085] Alternatively, the scintillator 107 may be formed 
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directly on the second planarizing layer 1062 by evaporation 
or bonding without the light transmitting substrate 106 . 
[0086] In this embodiment, in the configuration of the 
plurality of spaced apart imaging elements 101, a plurality 
of pixels are formed over the entire surface of a single 
crystal silicon substrate, or the like, and the vertical and 
horizontal shift registers are also formed thereon. Each of 
the plurality of pixels comprises a photodiode and a MOS 
transistor, and each of the shift resistors comprises a MOS 
transistor. Furthermore, an interlayer insulating layer 
comprising a silicon oxide film, metal wiring comprising 
aluminum or the like, and a protecting layer comprising a 
nitride film or the like is formed on the photodiodes and 
the MOS transistors. Furthermore, the electrode pad 102 
constituting the external terminal 120 is arranged in the 
pixel area at the end of each of the plurality of spaced 
apart imaging elements 101. Each of the electrode pads 102 
comprises a part of the metal wiring. Unlike in the first 
embodiment, in the second embodiment, the region where each 
of the external terminals 120 is formed is not formed by 
etching in a previous process. Instead, a protecting layer 
is formed. The portions of the protecting layer, which are 
formed on the electrode pads 102, are removed by etching. 
Then, the bump 103 is formed on each of the electrode pads 
102. 



[0087] Then, the first planarizing layer 1061 having a 
thickness corresponding to the height of the step S is 
formed on the light receiving regions. 

[0088] The first planarizing layer 1061 may be formed by 
any one of coating, lamination, and evaporation methods. 
[0089] The method of forming the first planarizing layer 
in this embodiment will be described. First, a 
photosensitive polyimide resin (which is an example of an 
organic resin) is coated as the first planarizing layer 1061 
on each of the plurality of spaced apart imaging elements 
101 in the stage of a wafer, and then partially removed by 
etching using a mask for the electrode pads 102 and the 
dicing portions to form the steps S. If polyimide is 
present in the dicing portions (the cutting portions of the 
spaced apart imaging elements), dicing teeth are easily 
clogged. Therefore, the polyimide in the dicing portions is 
also removed by patterning. Then, the wafer is diced to cut 
out the respective imaging elements 101. In this embodiment, 
the first planarizing layer 1061 is also used as the 
protecting layer for the surface of each of the plurality of 
spaced apart imaging elements 101. Namely, during dicing 
and transfer, the spaced apart imaging elements 101 are 
protected from dust particles, flaws, damages, etc. For 
example, when an adhesive containing glass beads having a 
predetermined diameter is used as the second planarizing 
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layer 1062 in order to control the thickness thereof, 
polyimide can absorb damages to the light receiving surfaces 
due to the glass beads. 

[0090] Then, the flexible substrate 104 is bent along the 
edge portion of each of the plurality of spaced apart 
imaging elements 101 and connected to the bump 103. 
Furthermore, nine spaced apart imaging elements 101 are 
arranged in a tile-like form on the base 109 so that the 
pixel surfaces are at the same height, and the flexible 
substrates 104 of the plurality of spaced apart imaging 
elements 101 are electrically connected to the external 
processing substrate arranged at the back of the plurality 
of spaced apart imaging elements 101. The number of the 
spaced apart imaging elements 101 arranged may vary 
depending on a variety of factors, and is not limited to 
this embodiment . 

[0091] The first planarizing layer 1061 may be formed by 
coating, lamination or evaporation after the plurality of 
spaced apart imaging elements 101 are arranged in a tile- 
like form. 

[0092] A resin having an adhesive function is coated as 
the second planarizing layer 1062 on the plurality of the 
spaced apart imaging elements 101. The resin is coated to 
fill in the steps S and the spaces between the adjacent 
imaging elements 101 while absorbing unevenness to form a 
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planarized surface in a same plane on the plurality of 
spaced apart imaging elements 101. 

[0093] Alternatively, the second planarizing layer 1062 
may be planarized during coating or when the light 
transmitting substrate 106 is laminated as shown in Fig. 10. 
In this case, in order to control the thickness, glass beads 
having a predetermined diameter are preferably added to the 
resin for forming the second planarizing layer. 
Alternatively, a planarized adhesive sheet with a thickness 
previously determined may be used as the second planarizing 
layer. In use of the adhesive sheet, the production process 
is simplified by decreasing the number of steps, thereby 
increasing ease of manufacture, improving yield, and 
providing a lower cost process. 

[0094] Then, Csl (Tl) is deposited on the second 
planarizing layer 1062 on the plurality of the spaced apart 
imaging elements 101. Since Csl is deposited on the 
planarized layer, Csl can uniformly formed. 
[0095] Alternatively, the scintillator 107 may be 
previously formed on, for example, the reflection plate 108 
or the like by evaporation or lamination in a separate step, 
and then laminated on the second planarizing layer 1062. 
[0096] For the second planarizing layer, a photo -curing 
resin, a heat-curing resin, a thermoplastic resin or the 
like can be used as the adhesive. The second planarizing 
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layer may be formed by uniformly coating a polyimide resin 
or the like and then curing it. The distance L can be 
further decreased to improve resolution. 

[0097] The step S of the first planarizing layer 1061 may 
be at the same height as the external terminals 120. 
[0098] Besides the method of forming the scintillator 107 
by depositing cesium iodide (Csl), the method of dispersing 
a powder scintillator made of Gd 2 O z or the like containing 
europium or terbium as an activator in a transparent resin, 
and then coating the resin to form the scintillator 107 can 
also produce the same effect as described above. 
[0099] As described above, in the radiation imaging 
apparatus of this embodiment, the first planarizing layer 
having steps S higher than the external terminals 120 is 
formed on the plurality of the spaced apart imaging elements 
101 to facilitate the formation of a planarizing layer 
necessary for forming the scintillator 107. 

[0100] Particularly, in the radiation imaging element of 
this embodiment, an adhesive sheet having a uniform 
thickness can easily be bonded as the second planarizing 
layer . 

[0101] Furthermore, the scintillator is formed on the 
planarizing layer to remove variations in the optical path 
in the scintillator, thereby making light emission uniform, 
and decreasing variations in the light quantity distribution. 
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Therefore, resolution can be improved. 
Third Embodiment 

[0102] Fig. 11 is a schematic sectional view showing the 
construction of a radiation imaging apparatus according to a 
third embodiment of the present invention. 

[0103] In Fig. 11, reference numeral 1063 denotes a light 
transmitting substrate other than the fiber optical plate, 
and reference numeral 1064 denotes an adhesive. In this 
embodiment, a lead-containing radiation shielding plate is 
disposed as the light transmitting substrate. 
[0104] This embodiment is different from the radiation 
imaging apparatus shown in Fig. 10 in that the light 
transmitting substrate 1063 other than the fiber optical 
plate is disposed on the second planarizing layer 1062, and 
the light transmitting substrate 1063 and the fiber optical 
plate as the light transmitting substrate 106 are bonded 
together with an adhesive 1064. 

[0105] In this embodiment, besides the first and second 
planarizing layers, the light transmitting substrate 1063 
and the adhesive 1064 are used to increase the distance 
between the lower surface of the scintillator 107 and the 
light receiving regions. However, the radiation shielding 
ability is improved to form a structure causing less damage 
to the plurality of spaced apart imaging elements 101. 
Fourth Embodiment 



« 
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[0106] Fig. 12 is a drawing showing an example of one 
application of the radiation imaging apparatus, of the 
present invention in a radiodiagnosis system. In this 
embodiment, an X-ray diagnosis system is described as an 
example of the radiodiagnosis system. 

[0107] X-rays 6060 produced in an X-ray tube 6050 are 
transmitted through the chest region 6062 of a patient or 
test subject 6061 and incident on a radiation imaging 
apparatus 6040 comprising the scintillator 107. the fiber 
optical plate as the light transmitting substrate, the 
plurality of spaced apart imaging elements 101, and the 
external processing substrate 110. The incident X-rays 
contains inside information of the body of the patient 6061. 
[0108] Light is emitted from the scintillator 107 in 
response to incidence of X-rays, and subjected to 
photoelectric conversion by the plurality of spaced apart 
imaging elements 101 to obtain electrical information. The 
information is converted into a digital signal, and an image 
is processed by an image processor 607 according to the 
digital signal, and the image is displayed on a display 6080 
of a control room. 

[0109] The information can be transmitted to a remote 
place by transmission means such as a telephone circuit 6090 
The image the can be displayed on a display 6081 in the 
remote location or can be stored in a storage means such as 
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an optical disk or the like. This may permit diagnosis by 
another doctor in the remote location. Also, the 
information can be recorded on a film 6110 by a film 
processor 6100. 

[0110] While the present invention has been described 
with reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. On 
the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. The scope of 
the following claims is to be accorded the broadest 
interpretation so as to encompass all such modifications a 
equivalent structures and functions. 



